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The aim of this work is to analyze the viability of microorganisms from Collection 
of Industrial Microorganisms from Faculty of Animal Science and Biotechnology 
– Timisoara, during freezing and thawing as part of cryopreservation technique. 
The stability in real time of 19 strains cryopreserved in 16% glycerol was 
evaluated during a 6-months period. The strains studied were: Escherichia coli, 
Lactobacillus acidophilus, Rhizobium meliloti, Saccharomyces cerevisiae, 
Aspergillus oryzae, Aspergillus niger, Trichoderma viride, Bacillus globigii, 
Bacillus licheniformis, and 9 strains of Bacillus subtilis. The strains cryopreserved 
at -20
oC and -70
oC were activated using the fast thawing protocol. A better cell 
recovery was achieved with the -70
oC protocol reaching an average viability for 
E. coli of 86,3%, comparing with 78,6% in  -20
oC protocol. The cell recovery 
percentages for the other strains were: 92,4% for L. acidophilus, 93,9% for 
A.niger, 89% for A. oryzae, 86,7% for T. viride, 94,2% for R. meliloti, 82,1% for 
S. cerevisiae, 89,9% for B. licheniformis. Regarding the viability of genetically 
modified microorganisms, the values shows a good recovering after freezing and 
thawing, even after 180 days of cryopreservation. With the -20
oC protocol lower 
viability was observed due probably to the formation of eutectic mixtures and re-
crystalization processes. 
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Introduction 
 
There are several methods described for microbial preservation (Kirsop 1984; 
Simione 1991; Demain 1996; NUNC 2000; Stoica 2002). The most used methods, 
with the best results are cryopreservation at –70
oC, in liquid nitrogen, or freeze-drying. 
The selection of the method depends on the economic resources of each laboratory. 
The following criteria must be considered while selecting a maintenance method of   224
microorganisms: viability, purity, genetic stability, process costs, amount of culture, 
frequency of use (Kirsop 1980). Additionally, the literature show that genetically 
modified microorganisms present a low viability and a weak fitness comparing with 
conventional microorganisms (Biological Confinement of Genetically Engineered   
organisms, National Academy of Sciense – USA, 2004). The purpose of the present 
study is to achieve a practical methodology, base on experience that can follow up and 
assess at real time, the stability of a culture collection cryopreserved in 16% (v/v) 
glycerol. During this study conventional and genetically modified microorganisms will 
be tested for their viability during cryopreservation. 
 
Materials and Methods 
 
  Microorganisms: 19 strains from the Collection of Industrial Microorganisms 
from Faculty of Animal Science and Biotechnology Timisoara were used in this study: 
1.  Escherichia coli HB101 
2.  Lactobacillus acidophilus CMIT3 
3.  Rhizobium meliloti CMIT10 
4.  Bacillus licheniformis B40 
5.  Bacillus subtilis USAB 
6.  Bacillus subtilis T1 
7.  Bacillus subtilis T2 
8.  Bacillus subtilis T3 
9.  Bacillus subtilis T4 
10. Bacillus subtilis B52 
11. Bacillus subtilis B36 
12. Bacillus subtilis amy
- 
13. Bacillus subtilis B4 amy
- 
14. Bacillus globigii amy
+R 
15. Bacillus globigii amy
+S 
16. Saccharomyces cerevisiae Hansen 
CBS 5926 
17. Aspergillus niger F2T 
18. Aspergillus oryzae 14B 
19. Trichoderma viride ATCC 13631 
Among  Bacillus cell banks, 6 strains are genetically modified: B. subtilis T1, B. 
subtilis T2, B. subtilis T3 and B. subtilis T4, strains obtained by electro-transformation 
with plasmids pLC1 and pNC61, for increasing the extra cellular proteolytic activity; 
B. subtilis amy
- and B. subtilis B4 amy
- are mutants obtained by nitroso-guanidine 
mutagenesis for alteration of gene for amylolitic activity (marker-strains). All 
microorganisms were previously preserved by refrigeration in liquid (lactic bacteria) or 
solid media (all others). The culture media used for cultivation and refrigeration of 
microbial strains are: Luria Bertany agar (for E. coli strains), Nutrient Agar (for 
Bacillus strains), YMA (for Rhizobium strains), YPD (for yeast strains) and PDA, Malt 
Extract or carrots for fungi. 
  Obtaining cultures in liquid media and freezing: The strains were cultivated 
in 300 mL shake flasks, with 50 mL liquid medium as follows: E. coli and Bacillus 
strains were cultivated in LB broth at 37
oC, 150 r.p.m. pH 7.0±0.2 during 20 and 28 
hours respectively. Lb. acidophilus was cultivated in 180/18 test tube, containing 15 
mL liquid MRS, pH 6.5±0.2, static at 40
oC, for 18 hours. Rh. meliloti was cultivated in 
YM broth at 28
oC, 150 r.p.m. pH 7.0±0.2 during 5 days. Sc. cerevisiae was cultivated   225
in YPD broth at 30
oC, 200 r.p.m. pH 6.6±0.2 during 27 hours. Batch culture was done 
until exponential phase (log) was achieved. Then, 10 mL pure culture was mixed with 
2.5 mL sterile 80% (v/v) glycerol solution, obtaining liquid cultures containing 16% 
glycerol. The mixture once homogenized was divided in fractions of 1 mL in 
cryopreservation tubes, and stored immediately at –20
oC and –70
oC (Kirsop 1984; 
Demain 1996; NUNC 2000, Stoica 2002). Fungi (A. oryzae, A. niger, T. viride) spore 
suspension was recovered from the solid media in NaCl 0.85% (w/v) by loosening it 
with glass spheres, mixed with fresh media, aliquoted and conserved in the same way 
described for the other microorganisms. 
Thawing and thermal stability: As the literature indicates the fast-thawing protocol 
as the most efficient (Amador 1994, Rivkina 2000), we have followed this protocol, 
instead of slow-thawing protocol. The temperature of cryopreserved strains was 
changed from -70
oC to 37
oC in 1 minute. After thawing, serial dilutions from the 
stocks were made, seeded on plate-count agar, incubated at the appropriate 
temperature and colonies were counted. 
Statistical analysis: 
To determine the treatment differences, the test of dispersion analysis was made. 
Significant differences were considered for α=5%. 
 
Results and Discussions 
 
Starting from batch cultures and spore suspensions, suitable cellular 
concentrations are needed to initiate the conservation process. Table 1 shows the 
number of viable cells before freezing.  
Table 1 
Number of viable cells before freezing 
 
Tulpina 
U.F.C. 
înainte de 
congelare 
 
Tulpina 
U.F.C. 
înainte de 
congelare 
E. coli HB 101  6x10
8  Bacillus subtilis T1  2.3 x10
8 
Lb.acidophilus CMIT3  7x10
8  Bacillus subtilis T2  3.5 x10
8 
Aspergillus niger F2T  8,8x10
7  Bacillus subtilis T3  5.8 x10
8 
A. oryzae 14B  1x10
7  Bacillus subtilis T4  3.3 x10
8 
T. viride ATCC 13631  2,1x10
8  Bacillus subtilis B52  5.6 x10
8 
Rh. meliloti CMIT10  6x10
7  Bacillus subtilis B36  3.8 x10
8 
Sc. cerevisiae Hansen CBS 5926  2,5x10
8  Bacillus subtilis amy
-  2.6 x10
8 
B. licheniformis B40  9x10
7  Bacillus subtilis B4amy
-  7.2 x10
8 
Bacillus subtilis USAB  3.5 x10
8  Bacillus subtilis B4amy
-  7.2 x10
8 
Bacillus globigii amy
+R  6.5 x10
8       226
For Escherichia coli the recovery percentage for the -70ºC protocol was 86.3%. For 
the -20ºC treatment the recovery percentage was 78.7%. Statistical analysis shows that 
the Escherichia coli recovery with the -70ºC treatment was higher during the first 24 
hours; seventh day, and sixth months later. The storage at -70ºC with fast thawing 
procedures provides better recovery conditions.  
Regarding the results for Bacillus licheniformis, indicate that -70ºC treatments gives 
89.9% of recovery as compared with the -20ºC treatment,  which has a 84.9% of 
recovery, demonstrating that -70ºC treatment gives a greater recovery percentage. 
During the study period, Bacillus subtilis under the -70ºC treatment showed a higher 
recovery in the first 30 days of freezing. In the next 5 months, the viability decreased 
continually. Under the -20ºC treatment the best recovery appeared in the first week of 
preservation (89.9%). The lowest viability was achieved in the sixth month (79.7%). 
These results differ from the ones reported by Simione and Brown, 1991, which 
demonstrated that spore forming Gram positive bacteria are recovered in greater 
proportion than Gram negative. However, the outcome could be charge on the 
mechanical freezers storage at -20°C, because they can cause formation of eutectics 
mixtures, generating a viability loss. Nonetheless, this type of storage conditions can 
favor the cellular growth in conservation; as demonstrated by Rivkina et al., 2000 that 
metabolic activity of stored bacteria at temperatures between -5 and -20ºC, may have a 
logarithmic phase from 200 to 350 days, followed by the lag phase where the substrate 
availability is limited. 
The behavior of the Rhyzobium cells was stable during the storage time under the 
different treatments. Under -70ºC and -20ºC treatments the percentages achieve was 
94.2%, and 87.6% of recovery. 
The results obtained for Lactobacillus acidophilus shows high differences between the 
viabilities under the two treatments. The -70ºC treatment gives 92.4% of recovery as 
compared with the -20ºC treatment, which has a 81.1% of recovery, demonstrating that 
-70ºC treatment gives a greater recovery percentage. During the study period, 
Lactobacillus acidophilus under the -70ºC treatment showed a higher recovery in the 
first week of freezing. In the next 5 months, the viability percentage is constant. Under 
the -20ºC treatment the viability decrease in the first day of freezing and remains 
constantly low. 
Regarding the viability of fungi, the three strains show a good recovery under both 
freezing treatments (see figures 1, 2 and 3). The storage temperatures and thawing 
protocol in this type of organisms did not exhibit significant differences in the 
recovery percentages. 
The behavior of the yeast was different during the storage time under different 
temperatures. This type of organism shows the highest differences in recovery 
percentages (82.1% at -70ºC and 65.3% at -20ºC). Also, shows the lowest viability 
under both protocols. These results indicates that freezing yeast cells needs a higher   227
attention due to the increased sensitivity of the yeast cells to freezing temperatures 
compared with bacteria and fungi conidia. 
Analyzing the recovery percentages between the species from the same genera 
(Bacillus), data in figure 4 shows that there are no significant differences between the 
viability values obtained in the 12 strains of Bacillus. More than that, the genetically 
modified strains Bacillus subtilis T1, Bacillus subtilis T2, Bacillus subtilis T3, 
Bacillus subtilis T4, Bacillus subtilis amy
-, and Bacillus subtilis B4 amy
- shows 
high viability rates after thawing. Recovery percentages, assures that under the 
evaluated methods the viable cellular population is maintained near initial 
concentrations. Also, the plasmid stability is 100%, as the strains kept their resistance 
to antibiotics used as markers for presence of plasmids (kanamicine for pLC1, and 
trimethoprim for pNC61). These results agree with the reports of Amador et al., (1994) 
studying stability of genetically modified Escherichia coli used in recombinant human 
alpha-interferon (á-INFhr) production maintained in glycerol 30% (v/v) and stored at -
70ºC during 5 years. As a result great stability was achieved, maintaining the 
population year after year over 10
8 cfu/mL (Amador 1994; Poutou, 1994). William and 
Tamara, 1985 studied transformed Escherichia coli, Bacillus subtilis and 
Saccharomyces cerevisiae with replicatives plasmids, and followed their behavior in 
liofilization and cryopreservation procedures. In Escherichia coli was demonstrated 
that both methods maintained a stable viability and plasmid stability. Bacillus subtilis 
was preserved in a vegetative and sporulated form, demonstrating that both forms can 
be recovered in high proportion when cryopreservation was used; unlike liofilization, 
that favored the recovery of sporulated form in greater proportion than the vegetative 
form. Similarly, Saccharomyces cerevisiae maintained better viability and plasmid 
stability at freezing temperatures after nine months of storage. 
After the statistical analysis and applying the test of dispersion analysis, significant 
differences were found between the two treatments for: E. coli (F=6.08), Lb. 
acidophilus (F=8.29) and S. cerevisiae (F=11.2). 
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Fig. 1 Average recovery under -70ºC and -20ºC treatment after 6 months. 
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Fig. 2. Recovery percent vs. storage time at -70ºC. 
 
0
20
40
60
80
100
120
1 7 30 90 180
Storage time (days)
R
e
c
o
v
e
r
y
 
%
E. coli
Lb. acidophilus
A. niger
A. oryzae
T. viride
Rh. melilotii
Sc. cerevisiae
B. licheniformis
 
Fig. 2. Recovery percent vs. storage time at -70ºC. 
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Fig. 4 Average recovery of Bacillus cells for -70ºC treatment during 6 months. 
 
Conclusions 
 
During the study period, the -70
oC freezing technique and fast thawing 
protocol permitted to recover a high percent of viable cells (an average viability over 
89%), with values over 95% (Bacillus subtilis amy
-, a geneticaly modified 
microorganism). The present study demonstrated that for the microbial genus assayed, 
the -20
oC freezing technique decreases cellular viability (recovery %), probably due to 
the generation of crystals as a result of the conservation mixture eutectics points, 
causing irreversible injuries on the cellular membrane (Wolstenholme and O’Connor, 
1970). 
Regarding viability of genetically modified microorganisms evaluated in this 
study (B. subtilis transformants T1, T2, T3, T4, B. subtilis B4amy
- and B. subtilis amy
-
), the values indicates a high recovery percentage, contrary to some data indicating a 
lower fitness and low viability in the case of GMM. The statistical analysis indicates 
that the -20
oC treatment can be applied for cryopreservation of a part of the studied 
strains, except the ones where the recovery percentages were very lowat -20
oC 
treatment (E. coli, Lb. acidophilus and S. cerevisiae). 
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Scopul acestei lucrări este analiza viabilităţii microorganismelor din Colecţia de 
Microorganisme Industriale a Facultăţii de Zootehnie şi Biotehnologii Timişoara, în timpul 
congelării şi decongelării, în scopul crioconservării lor. A fost evaluată stabilitatea în timp a 19 
tulpini crioconservate în 16% glycerol pe parcursul a 6 luni. Tulpinile studiate sunt: 
Escherichia coli, Lactobacillus acidophilus, Rhizobium meliloti, Saccharomyces cerevisiae, 
Aspergillus oryzae, Aspergillus niger, Trichoderma viride, Bacillus globigii, Bacillus 
licheniformis, şi 9 tulpini de Bacillus subtilis. Tulpinile conservate la -20
oC şi -70
oC au fost 
activate folosind protocolul de decongelare rapidă. Procente mai bune de recuparare au fost 
obţinute aplicând metoda de congelare la -70
oC, atingându-se o viabilitate medie la E. coli de 
86,3%, faţă de 78,6% în cazultehnicii de congelare la -20
oC. Procentele de recuperare pentru 
celelalte tulpini au fost: 92,4% pentru L. acidophilus, 93,9% pentru A.niger, 89% pentru A. 
oryzae, 86,7% pentru T. viride, 94,2% pentru R. meliloti, 82,1% pentru S. cerevisiae, 89,9% 
pentru B. licheniformis. În ceea ce priveşte viabilitatea microorganismelor modificate genetic, 
valorile indică o bună recuperare după decongelare, chiar şi după 180 zile de congelare. În 
cazul tehnicii de congelare la -20
oC, au fost obţinute valori mai scăzute de recuperare, probabil 
datorită formării de amestecuri eutectice şi a proceselor de recristalizare. 
Cuvinte cheie:crioconservare, microorganisme, MMG, congelare 
 